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Effect of voids and cracks on free vibration of FGM plate with parabolic

variable thickness

Vii Nguyén Thanh?, Pham Minh Phtct”

1Khoa Khoa hoc Co bdn, Trwong Dai hoc Giao théng vdn tdi

Tir khéa:

Dao dong tu do

L6 rong

Vét nirt

T4m FGM

Chiéu day thay doi
Phase-field

TOM TAT

Bai b4o st dung ly thuyét bién dang cit bac cao va phwong phap phan tir hitu han
dé phan tich dao dong tu do cta tAm hinh chit nhat. TAm dwoc lam bing vat liéu co
tinh bién thién v&i quy ludt ham mi va chiéu day tdm thay d6i theo dang parabol.
Ap dung ly thuyét Phase-Field d& mé ta trang thai ctia vat liéu khi vét nirt xuat hién
& tAm cta tdm. P& ddm bao do tin ciy cha két qua, bai bao di tién hanh so sanh mdt
s6 két qua véi cac nghién ciru uy tin. Viéc phan tich dao dong tw do ctia tAm phu
thudc vao thanh phan vat liéy, chiéu dai vét nirt, géc nghiéng vét nirt, hinh dang tim
(tf 1& c4c canh, hé s6 chiéu day) ciing nhw hé s6 16 réng dugc tinh toan chi tiét. Két
qua s6 cho thdy, hé s 16 rong, tham s6 thay d8i do day ciing nhw chiéu dai vét nit
anh hwdng rat 16n téi tin sd dao déng va dang dao déng cuia tAm, trong khi dé géc
nghiéng ctia vét nitt c6 anh hwdng it hon.
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ABSTRACT

The paper uses the high-order shear deformation theory and the finite element
method to analyze the free vibration of rectangular plates. The plate is made of
functionally graded materials following an exponential law, with thickness varying
parabolically. The Phase-Field theory is applied to describe the state of the material
when a crack appears at the center of the plate. To ensure the reliability of the
results, the paper compares some results with reputable studies. The analysis of the
free vibration of the plate depends on the material composition, crack length, crack
inclination angle, plate shape (edge ratio, thickness coefficient) as well as the void
coefficient calculated in detail. The numerical results show that the void coefficient,
thickness change parameter as well as the crack length greatly affect the oscillation
frequency and oscillation form of the plate, while the crack angle has a relatively
smaller impact.
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1. Gi&i thiéu

Trong qua trinh san xuit tim co tinh bién
thién (FGM - Functionally Graded Materials),
khong thé tranh khoi xuit hién 16 rong do
nhirng han ché cta ky thuit ché tao. Thit kho
dé ché tao tAm dic hoan toan nhit la phin
gitta cila tAm FGM ma khong c6 16 rong. Tuy
nhién, d6i véi mat trén va dwdi cia tAm, cac
vat liéu c6 thé dé dang thdm thiu vdi it su
hién dién cta 16 rong hon. Ngoai ra, cic 16
rong cé thé phat sinh do sw khac biét vé nhiét
d6 dong dac caa hai vat liéu. Do d6, su ton tai
ctia 16 rong c6 thé 1am yé&u do bén cla vt liéu
FGM [1]. Vi vay, viéc xem xét tc dong cla 16
rong déi véi cac dic tinh dong hoc cia tAm
FGM 1a rit quan trong. Nam 2021, Kumar va
cong su [2] nghién cru anh hwdng cua phan
b6 dd rong dén dao dong cia tAm sir dung mod
hinh phan t& hitu han phi tuyén dua trén ly
thuyét bién dang cit bac nhit (First-Order
Shear Deformation Theory - FSDT) va quan hé
bién dang Von-Karman. Phén tich dao dong
tw do ctia tAm FGM c6 16 rong dwoc mot s6 tac
gid nghién ctiru theo cic ly thuyét va phuong
phap khac nhau: Cac nghién ctru st dung
FSDT, két hop véi cic bién thé cua phwong
phap PTHH khac nhau [3] [4] [5], phwong
phap Rayleigh-Ritz [6], va phwong phap vi
phan bac hai (differential quadrature method)
[7] hay phwong phdp dang hinh hoc
(isogeometric) [8]; Iy thuyét bién dang cat bac
cao (HSDT) dwoc két hop véi phwong phap
Jacobi-Ritz [9] hay PTHH [10].

Tam c6 d6 day thay doi la tAim c6 do day
khong déu theo chiéu dai va chiéu réng. Sw
khong dong nhat nay cé thé 1a ¢6 y, chang han
nhu trong cic thiét k&€ nham t6i wu hoa hiéu
sudt két ciu. Vi dy, tang dé day & nhirng vi tri
can thiét dé tang kha nang chiu tai hoic gidm
do6 day & nhirng vi tri khdng cin thiét dé giam
trong lwong san phadm. Hodc cling c6 thé 1a do
két cAu & nhitng vi tri cin thiét dé tang tinh
thdm my cho céng trinh. Loai tAim nay da dwoc
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mot s6 nha khoa hoc chu y va nghién ciru. St
dung ly thuyét tim mdng c6 dién (ly thuyét
tdm Kirchhoff), ky thuit khong gian trang thai
va phwong phap Levy, Xiang va Wang [11] da
phén tich tai trong udn va tin sé dao dong ctia
cac tAm hinh chit nhit. Trong nghién cru nay,
cac tac gia da thanh 1ap cac phwong trinh dwa
trén ly thuyét tdm c6 dién véi phwong phap
phi tuyén tinh hinh hoc ki€u von-Karman. St
dung ly thuyét Eringen két hop véi ly thuyét
tdm c6 dién phi cuc bd, Akiyama va cdng sw
[12] da kham pha tan s6 dao dong cda cac tim
nano truc giao c6 do day thay déi. Shufrin va
Eisenberger [13] da phan tich dao dong tw do
clia tAm c6 dd day thay ddi bang cach str dung
FSDT va HSDT. S dung phuwong phap
Frobenius, Saeidifar va cong sw [14] da xac
dinh tai uén cho mot tAm hinh chit nhat dan
hoi véi sw thay déi vé dé day, mo dun dan hoi
va mat do. Thai va cdng sw [15] da st dung ly
thuyét tdm tinh chinh hai bién va nguyén ly
Hamilton dé tinh toan tin s6 dao déng tw do
clia cac tAm truc giao. Gan day (2023), Le va
Nguyen [16] da s& dung FSDT va ly thuyét
Phase-Field d€ nghién ciru dao dong tw do cta
tdm hinh chir nhat c6 vét nit véi do day thay
déi parabol.

Cac két ciu dang tdm dwoc sk dung kha
pho bién trong nhiéu linh virc hang hai, co khi,
xdy dung... Trong qua trinh s dung, tim c6
thé xuat hién vét nitt do hw hdng cuc bo, dic
biét tAm c6 16 rong thi kha nang xuit hién vét
nit cang cao. D€ xac dinh mic dé6 hw hong,
cin phai danh gia lai kha nang lam viéc cta két
ciu tai thoi diém dé. Cac nha khoa hoc da dua
ra mot s6 ly thuyét va cic phwong phap
nghién cttu vé van dé nay nhw phan tich dang
hinh hoc, phwong phap PTHH, phwong phap
PTHH m& rong... Gin diy, Phuc va cdng sw
[17] [18] [19] [20] [21] [22] da s& dung ly
thuyét Phase-field va phwong phap PTHH dé
phéan tich do 6n dinh va dao déng tw do cho
tAm chir nhat bi nitt.
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Theo hiéu biét ctia tic gia, chwa cd tc gia
nao nghién cru dao dong tw do cia tim FGM
c6 16 rong va vét nirt véi do day tAm thay doi
dang parabol. Bai bao sé tdp trung vao viéc
tinh toan tin s6é dao dong cua tim tuy thudc
vao tham s6 16 rong; ty 1é thanh phan vt liéu;
tham s6 hinh dang tim: ti 1é canh, sw thay doi
do day parabol; chiéu dai va géc nghiéng cua
vét nit.

2. Ly thuyét va cac phwong trinh

Tam FGM lam tir gébm va kim loai dwoc
nghién ctru véi chiéu dai (a), chiéu rong (b) va
chiéu day thay ddi theo truc x, ky hiéu h(x),
trong hé toa do Dé-cic Oxyz nhw minh hoa
trong Hinh 1. Vit liéu FGM & day c6 thé tich
bién ddi theo quy luit lily thira trong cong
thirc (1a):

\4:(-5—+3];vm=1—m

h(x) " 2 (12)

trong dé n la chi sé liy thira (n>0) xac
dinh su bién thién cta vét liéu theo chiéu day

u(x,y,z,t)=u,(x, y,t)+5{z—

417 3n°(x)

5) 4 5 1 5
V(X, y,Z,t):VO(X, y,t)+z(z—3h2(x) Z Jey(x, y,t)+(zz_3h2(x)

wW(X,y,z,t)=w,(xy,t)
Trong d6, u, v, w ldn lwot biéu thi cac
chuyén vi tai mdt phang trung binh clia tdm
theo cac truc x, y, z; 6,, 6, la cac goc quay

theo trucxvay.

Z3J6’X(X, y,t)+£lz—

cia tdim FGM, va z 1a toa do theo chiéu day
(~h(x)/2< 2 <h(x)/2).

Khi tdm ¢4 16 rong thi cac thudc tinh vat
liéu theo cong thirc (1b):

wn:%+@—mm;%m+%) (1b)

O day, P.va P, tuong ung la moé dun
Young, hé s6 Poisson va khoi lwong riéng cia
vat liéu cia gém va kim loai; e 12 hé s6 rong
cua vat liéu trong tam.

Trong bai b4o nay, ly thuyét bién dang cit
bac ba [17] dwoc ap dung dé nghién ciu;
trwong chuyén vi cia diém bat ky trong tim
dwoc viét dwdi dang (2):

z?’jwo,X
Zsto,y

Vi chiéu day ctia tAm thay doi doc theo truc
x theo ham h(x), cic bién dang lién quan dén
chuyén vi trong phwong trinh (2) dworc viét
trong biéu thirc (3):

47 3n°(x)
(2)

1 (-5 2
&, = uo,x + ZZ(SHx,x +\N,xx) +1z (3?)|:6XX +\N,xx +(rj h,X (gx +\N,x ):|

1 -5
€, =Vy, + 22(56” +W, )+ z{Wj(ey]y +W,, )

£, = U, +Vy, + 23(5@,y +2wW,, +56,,)+2° (%j{@w +2wW,, +0,, J{%Zj h, (6, +Wyy)}

5
sz_z

(3)

-5 5 -5
00w 477 (2)0 rw)i v =20 w2120, 0m)
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Mo6i quan hé giita rng suat phdp va &ng
sudt cat ddi véi cac bién dang va thanh phan
cat trong tAm FGM, tuan theo ly thuyét dan hoi
tuyén tinh, c6 thé dwgc biéu dién nhw sau:

o =D, (e +2e" + %)
©) 4 72, (4)
=D,y +7°v")
Trong do:
o= [ax o, Oy ]T L T= [z-yz T, T
1 v(2) 0
= ED gy 1 o
1-v3(z) . (5)
0 0 __‘/(Z)
L 2 |
E(z) 10

01

o

Can lwu y rang phwong trinh (4) biéu thi
cac thanh phan bién dang va cit dwoc tao ra
tir phwong trinh (3) cda chuyén vi trong tim
[17].

T 2[1+v(2)]

Luc phap tuyén, m6 men udn, mo men bic
cao va luc cit c6 thé duoc tinh toan va biéu
dién thong qua cac phwong trinh sau:

N| [ABE 0o0f[“
M| |[BDFO0O]/|&e
Pl=|E F HO 0[{&® (6)
Q 0 00 AB/[[??
R| |0 0o0BD |77
Véi:
h/2
(A,B,D) = j(l,z,zz)Dmdz,
-h/2
h/2
_ 3 .4 .6
(E.F,H)= [ (z*,2",2°)D,dz )

-h/2

h/2
(A,B,D) = j (1,22,2*)D,dz

-h/2

Theo ly thuyét dan hoi, ning lwgng bién
dang ctia tAim FGM c6 thé dwoc biéu dién nhw
sau (8):

cOT AL | OTRO | LOTEL® | JOTR-O

U(d)=3],

—I +€(1)T Dé‘(l) +€(1)TF€(3) +€(3)T EE(O) +€(3)TF€(1) +€(3)T Hé'(g) dQ

Ly OT Ay 0T @ | QTR0 4, @TH,@

(8)

3. Ly thuyét Phase-field m6 phong trang thai vat liéu

Trong ly thuyét Phase-field ctia co hoc pha
hdy [17], trang thai cGa vat liéu dwoc biéu
dién bang bién Phase-field s, trong d6 s =0
néu cé vét nit va s =1 néu vét liéu khéng bi
suy giam tinh chit. Khi s ndm trong khoang
tir 0 dén 1, vat liéu & trang thai mém hoa, tic
la trang thai chuyén tiép giira trang thai binh
thwong va trang thai cé vét nitt. Do d6, s c6
thé dwoc coi la mot tham sd vét nirt trong cac
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mo hinh dan héi pha huy. Tham s6 s nay
dwoc xem 1a mét bién trong cong thirc ham
nang lwong, do dé khi ndng lwgng bién dang
gidm thi vét nitt trong tAm c6 thé xuit hién.

Khi tdm bi nitt, téng nang lwong bién dang
cta tdm do lyc phap tuyén, mé men udn, mbé
men bac cao va luc cit c6 thé dwoc viét dwdi
dang (9):
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g(o)T A{;‘(O) +g(0)T Bg(l) +&.(O)T EE(S) +6_(1)T BE(O) n
1
EJ-Q 52 —|—g(1)T Dg(l) _l_g(l)T Fg(s) +£(3)T Ee(o) Jr6.(3)T Fg(l) +g(3)T H£(3) + ldo
0T A ., (0 0T @ ., (2 ATo ., (0 AT . (2
U(d,S): +}’() A}/()+}/() B}/()+}/() B}/()+7,() D}/()

+[ Geh A=5)" |} vsf |do )
S T

0

- {L} s (d)dQ+ _[Q G.h [(1:”8)2 +1,[Vs[* ] dQ}

0
Trong d6, d dwoc st dung dé biéu thi vecto Pong ning cia tdm dwoc biéu dién dwédi
chuyén vi, Gc 1a téc do giai phong nang lwong dang (10):
t&i han trong ly thuyét cua Griffith [17], valola
chiéu rong vét nit.

T(d,s) js p(2) (U +V? + W )dV
(u§+v§+W2)|0+%[5(uoéx+v09y)+uowvx+vow,y}ll

+%[Wi+25(6'?X2+0'y2)+10(6'?xv'\/’x+49'yv'\/yy)+v'\/,2y}I2 o)
—W(uoéx + g, +Vo, +Vo\i )1 dQ
10

" 12h?

(W2 +5(62 +.02) +6(0,, + 0,0, )+ w2 ],
+92T54[W +6; +2(0W, +0,W )+0'y2+W,2y}|e
Véis {5L(d,s,5d):0

hi2 _ oL(d,s,os)=0
L= [ p(2)2'dz; i=0,1,234,6 (11) (420

~hiz Do do, gia tri riéng va ham dang dwoc cho
Dwa vao cic biéu thitc trén, ham bdiphwong trinh:
Lagrangian cho tdm FGM c6 thé dwoc biéu
dién nhw sau: (ZKe+a)22Me)d=0 (14)
L(d,s)=T(d,s)-U(d,s) J-QZSF(d)JSdQ—
= L(d,s) =jgszr(d)dg—

(13)

(15 (12) -] 2G.h [% + ww(&)} -0 1)
'[ G h[ TR 1|vs|* |d , ’
4. Két qua va thao luin
Bién phan bic nhit cia ham kha vi dwoc Theo cac cong thirc trong muc 3, hinh dang
tinh nhw sau: vét nirt dwoc xac dinh bang ham F(d) theo

[17] nhuw sau:
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G
F(d):Bﬁ.Ko(x,y) (16)
0
¢ day
| by k
K, (%, y) = 1if x<I, and Sysz 17

else

Vi dai lwong vo huwdng B=1000; e 1a chiéu
dai vét nitt; I ding dé kiém soat do rong clia
vung nit véi [17].

Sau khi tinh gia tri hinh dang vét nit tir
phwong trinh (16), ta c6 thé xac dinh bién
Phase-field (s) tir phwong trinh (15) va thay
vao phwong trinh (14), tir d6 c6 thé tinh gia tri
riéng w, chinh la tin s6 dao dong cia tim véi
dang dao dong twong (rng.

Trong phan nay, dao déng tw do ctia tAm c6
vét nit véi chiéu day thay doi theo ham
parabol dwoc phan tich va so sanh véi nghién
ctru cua Le va cong sw [16]. TAm dworc lam tir
thép khong gi (SUS304), véi mo dun dan hoi,
khéi lwong riéng va hé sé Poisson twong rng
la: E =201.04GPa; p =8166kg/m*;, v=0.3.

Chiéu day ctia tdm thay doi theo truc x theo
quy luat bac hai (Hinh 1):
N(X) =y (u&? — 205 +1), vsi
u=1—h,/h,. Tdm vudng c6 kich thwéc canh:
a=b=0.5m; chiéu day h, =0.005m. Vét nirt
& gitra tidm, song song v&i truc x va cé chiéu
dai la c¢. Tham s6 tin s6 dao dong tw do cua
tdm dwoc tinh theo cong thirc [16]:

4.1. Dao dong tw do ctia tdm dong nhdt vdi @ = b phy I D, | 7 (18)
chiéu day thay d6i theo ham parabol.
Vé6i D, = Ehg / (12(1—1)2)). (19)
Hinh 1. Hinh dang tdm véi chiéu day thay d6i
parabol theo truc x.
Bang 1. Tham s0 tin s6 dao dong tw do cla tAm nitt ¢é chiéu day thay d6i theo ham parabol.
Ti s6 Ti s6 chiéu day tdm (ha/ho)
hidu dai
chiéu dai 0.9 0.7 0.5
vét nirt
(c/a)  Baibdao  Le[16] Sailéch Baibdo Le[16] Sailéch Baibdao  Le[16]  Sailéch
0 1.86653 1.86601 0.03% 1.59653 1.59556 0.06% 1.31962 1.31854 0.08%
0.2 1.82082 1.81979 0.06% 1.55987 1.5588 0.07% 1.29389 1.29279 0.09%
0.4 1.72489 1.72443 0.03% 1.48332 1.4828 0.04% 1.23881 1.23825 0.05%
0.6 1.62898 1.62882 0.01% 1.40699 1.40684 0.01% 1.18346 1.18319 0.02%

Bang 1 thé hién tham s6 tin s6 cla tim v&i
cac ty s6 chiéu day, chiéu dai vét nit khac
nhau va diéu kién bién ctia tAm twa don & bon
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canh. C6 thé thiy rang sai s6 giita két qua cla
bai bao nay va nghién ctru ciia Le va cOng sw
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[16] 1a rit nho, cho thdy chwong trinh tinh dan hoi

toan trong nghién ctru nay c6 do tin cay cao.

4.2. Dao dong tw do ctia tdm FGM c6 16 rong.

E,=70GPa, E,=380GPa; khoi
lwong riéng
P, =2707kg/m®, p, =3800kg/m’; hé sb

Trong phan nay, tdim FGM c6 chiéu day pgisson v =0 =0.3.

khong d6i, 16 rong dwoc phan bs déu va véi
diéu kién bién twa don trén bon canh (SSSS).
Cac thudc tinh vat liéu FGM (Al, A03): m6 dun

¢’ day, tham s6 tan s6 cla tim dwoc tinh
theo cong thirc (20):

@®=owhyp, lE, (20)
Bang 2. Tham s6 tan s dao dong tw do ctia tim FGM c6 16 rong.
o Chi s6 mii cua vat liéu (n)
Hé sb
}6 0 0.5 1
rong
(3] Baibao  Rezaei[23] Diff. (%) Baibao Rezaei[23] Diff.(%) Baibdo Rezaei[23] Diff. (%)
0 0.0291138 0.02912 0.02% 0.0246657 0.02467 0.03% 0.02223 0.022237 0.03%
0.2 0.0296226 0.03003 1.37% 0.0243016 0.02456 1.04% 0.02083 0.021038 0.99%
0.4 0.0308483 0.03137 1.67% 0.0238489 0.02423 1.57% 0.017897 0.018173 1.52%

Trong bai bao ctia Rezaei va cong su [23]
stt dung ly thuyét bién dang cit bic nhat, &
nghién ctru nay nhém tac gia sir dung HSDT.
Tuy nhién, sai khac gitra cac két qua kha nho.
4.3. Dao déng tw do ctia tdm FGM c¢6 16 réng
va vét nirt véi chiéu day thay doéi theo ham
parabol.

Canh 4
o c/2
------- . Y L
F 3 QY
z =__)a 5
,,,,,,,,, _ Mo
v ©."g,
h(U (R
5
s Canh - %9
°°eD°°°°nnﬂ 2 Gom “,":30
° P :
hy °000%5 00000 900000 cooolke X
0g 0g %o b o, 0 o
cnoa::;'““o.:our""" _D - Lb rén
00008 Kim loai
s

Hinh 2. M6 t4 tdm FGM c6 16 rdng va vét nirt voi

chiéu day thay ddi parabol.

Trong phan ndy, tim FGM c6 16 réng phan
bé déu dwoc nghién ciu (Hinh 2). TAm cé
chiéu day thay doi theo dang parabol (giong
muc 4.1) dwgc lam bang vat liéu FGM véi mo
dun dan hoi, khéi lwong riéng, hé so poisson
giong muc 4.2. Vét nit dwoc gid dinh & gitra
tdm véi chiéu dai ¢, va nghiéng goc o so véi
phwong truc x.

Tham s6 tin s6 dao dong tw do clia tAm
duorc tinh theo cong thirc (21):

@, =ob’\[ph, I D, | ©° (21)

Vé6i D, = E.h 1 (12(1-07)). (22)

O cac Bang 3, 4, 5 duwoc xét védi tAm cd lién
két don & bon canh (SSSS) va chiéu day 16n
nhat ciia tdim h, =a/100.

Bang 3. Tham s6 tan s6 ctia tdm FGM c6 16 réng phu
thudc vao ti 1é chiéu day tAm.

Tilé chiéu dai vét nirt (¢/a)

ha/ho
0 0.2 0.4 0.6
0.9 1.14398 1.11826 1.06371 1.00805
0.8 1.06593 1.04266 0.99333 0.94312
0.7 0.98763 0.96696 0.92307 0.87845
0.6 0.90919 0.89131 0.85311 0.81425
0.5 0.83086 0.81598 0.78377 0.75086
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Bang 3 trinh bay suw thay doi cia tham so
tin s6 cia tim FGM c6 16 rdng phu thudc vao
ti 1& chiéu day tdm va chiéu dai vét nirt. O day,
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xét tdm vudng (a =b =0.5m) c6 chi s6 mii cta
vat litu n=4, hé s6 16 rong e=0.1, goc
nghiéng vét nirt o = 0°.

Bang 4. Anh hwéng ctia ti 1é canh va hé s6 15 rong
dén tham s6 tin s6 dao déng.

Tilé Hé s6 16 rong (e)
canh
(a/b) 0 0.1 0.2 0.4
0.5 2.94878 2.87780 2.78218 2.41726
1 1.17577 1.14676 1.10820 0.96262
1.5 0.84317 0.82143 0.79299 0.68760
2 0.72655 0.70720 0.68216 0.59066

Bang 4 thé hién dnh hwdng cua ti 1é canh va
hé s6 16 rong dén tham s& tin sd dao dong.
Tam dwoc xét c6 cac tham so6: chi s6 mil clia
n=1 t
h,/h, =0.7,

nit o =0°, chiéu daivétnitt c/a=0.3.

vat  liéu 16 chiéu day

tAm gbc  nghiéng  vét

Bang 5. Anh hwéng ctia géc nghiéng vét nirt dén
tham sé tin s6 dao dong.

Goc Ti lé chiéu dai vét nirt (c/a)

nirt

() 0.2 0.4 0.6 0.8
00 0.95579 0.91225 0.86768 0.83744
150 0.95567 0.91103 0.86315 0.82690
300 0.95538 0.90836 0.85345 0.80424
450  0.95517 090768 0.84771 0.78962
60° 095517 0.90741 0.85196 0.80122
750 095607 0.91311 0.87388 0.83430
90° 0.95526 0.91021 0.86371 0.83192

Bang 5 trinh bay anh hwéng cta goc
nghiéng va chiéu dai vét nitrt dén tham sé tan
s0 dao dong. Tam vudng (a =b =0.5m) c6 chi
sO mi cda vat liéun=7, ti 1& chiéu day
tdm h, /h, =0.8, hé s§ 16 ronge=0.15. C6
thé thdy rang, khi géc nghiéng ting (trong

khoang 45° dén 60°), tin s6 dao dong cé xu
hwdng giam, sau dé lai tang nhe tré lai.

Bang 6. Tham s6 tin sé dao dong phu thudc vao diéu
kién bién & cac canh tAm.

biéu Ti 1é chiéu dai vét nitt (c/a)

kién

bién 0 0.2 0.4 0.8
FFCF 0.06958 0.06957 0.06954 0.06931
FCFF 0.12286 0.12230 0.12058 0.11173
CFFF 0.18118 0.18094 0.18062 0.17999
SSSS  0.66299 0.65277 0.62998 0.58977
CFCF 0.77814 0.77890 0.77921 0.77819
CSCS 098931 0.98095 0.96272 0.94295
CCCC 1.19748 1.17875 1.14014 1.09840
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Bang 6 thé hién tham s6 tin s6 dao dong
phu thudc vao chiéu dai vét nirt va diéu kién
bién & cic canh tAm. TAm c6 chi s6 mil clia vat
liéu n =3, ti 1€ chiéu day tdm h, /h, = 0.5, gbc
nghiéng vét nit « =0°. Can cha y ky hiéu diéu
kién bién, vi du: CSCF thé hién canh 1 va 3
dwoc lién két ngam (C), canh 2 lién két tua (S),
canh 4 tw do (F) (Hinh 2). Dé dang thiy, tin s&
dao dbng ting theo thir tw cac diéu kién bién
FFCF, FCFF, CFFF, SSSS, CFCF, CSCS, CCCC;
dwoc ly giai: Tan s6 dao dong cla tim ty 1é
thuin véi do cirng tong thé cua hé. Piéu kién
bién cang cirng, d6 clrng téng thé cang cao,
lam tang tin s6 dao dong ctia tAm. Cling can dé
y ba diéu kién bién FFCF, FCFF, CFFF déu chi
c6 mét canh c6 lién két ngam nhung FFCF
dwoc ngam & vi tri canh c¢6 d6 day nhd nhit
nén dé mat 6n dinh hon hai diéu kién bién con
lai.

C6 thé nhan thiy rang khi chiéu dai vét nit
tang lam do cing tong thé cta tim giam, kha
ning khang lai bién dang gidm di, dAn dén tin
s6 dao dong tw nhién clia tAm ciling gidm. Diéu
nay thé hién rat ro trong cac bang 3, 5, 6 va
Hinh 3.
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Khi ti 1é chiéu day h, /h, giam, lam cho tdm
mong hon doc theo truc x, c6 nghia dé cling
cuc b giam theo, lam tin s6 dao dong gidm
nhanh dwoc thé hién trong Bang 3.

1.8
b=0.5m; a/b=1; h /h =0.6 | © ¢V
1.7+ a0 ——e=0.2| |
n=0; a=0° P04
2 1.6
=
g
-]
=
[
1.2 . : -
0 0.2 0.4 0.6 0.8
Ti I1¢ chiéu dai vét nit (c/a)
1.4 -
—— =
5l b=0.5m; a/b=1; h_/h =0.6 —-—c02 |
——e=0.4
n=1; a=0°
B 12
=
-(E
“21.1F
=
[
=
09"
0.8

0 0.2 0.4 0.6 0.8
Ti 1¢ chiéu dai vét nit (c/a)

Ti 1é canh tAm dnh hwdéng 16n tédi tin s6 dao
dong. O Bang 4, tan s6 dao dong giam nhanh
khi ti 1é canh (a/b) tang dwoc giai thich do lam
tang d6 manh cia tAm.

1.4 T - .
b=0.5m; a/b=1; h !hn=0.6 ——c=0
1.35 4 —— =02
n=0.5; a=0° [P e=0.4]
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Tham s6 tin sb

0 0.2 0.4 0.6 0.8

Ti 1¢ chiéu dai vét nirt (c/a)
1.4 :
b=0.5m; a/b=1; h_/h_=0.6
a 0
1.2+ n=1.5; a=0°
@
& 1
Eos'
=
-
0.6 -
0.4

0 0.2 0.4 0.6 0.8
Ti 1¢ chiu dai vét nirt (c/a)

Hinh 3. Anh huéng ctia hé s6 16 réng, tham s& vat liéu va chiéu dai vét nit téi tin s6 dao dong.

Hinh 3 thé hién d4nh hwéng cia hé sd 16
rong, tham sé vat liéu va chiéu dai vét nit téi
tin s6 dao dong cla tim. C6 thé nhin thiy
rang, tn s6 dao dong tw nhién cla tim FGM
c6 16 réng c6 modt xu hwéng gidm rd rét khi
chiéu dai vét nitt tang. V&i tham s6 vat liéu
n=0, l4c nay tAm hoan toan bang gém thi tin
sO tw nhién co ban tiang khi e ting. Tuy nhién,
xu hwdng nay dao ngwoc doi véi tAm FGM khi
chi s6 tham s6 vt liéu n khac.
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Hinh 4 thé hién mét s6 dang dao déng cta
tdm FGM nitt, c6 16 réng véi cac thn s6 dao
doéng cua tirng mode. Cac tham sd cla tam:
a=b=05m, h,=a/1l00, n=1 e=0.12,
h,/h =0.5 c¢=0.5a, a=0° Ching ta thiy
rang, bién d6 16n nhat clia cidc mode thwong
1éch hon vé phia tAim c6 d6 day nho hon do do

cang cuc bo tai dé nho hon.
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Mode 1: @&, =0.91887

Mode 3: &,, = 2.4005

Mode 2: @,, = 2.18357

Mode 4: &,, =3.37561

Hinh 4. Mot s6 dang dao dong ctia tAim FGM nitt, c6 16 rong.

5. Két luan

Trong bai bao nay, dao dong tw do cua
tdm chit nhat FGM c6 16 rong da dwoc
nghién ctru dwa trén ly thuyét bién dang cat
béc cao va ly thuyét Phase-field trong co hoc
pha huy. Cac tinh chit vat liéu cia tAim dwoc
gid dinh thay d6i theo chiéu day v&i quy luat
ham m, trong khi chiéu day tdm bién doi
theo quy luat ham parabol doc theo mot
truc. Anh hudng cta tham sé réng, chi so
ham mi, chiéu dai va géc nghiéng vét nit,
sy thay ddi tham s6 d6 day parabol ciing
nhu diéu kién bién khac nhau t&i tan s6 dao
dong tw nhién cta tAm da dwoc xem xét. Cac
két qua cho thdy rang: Khi chiéu dai vét nit
tang thi tin s6 dao déng ty do cla cac tim
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gidm nhanh trong khi tang géc nitt thi tn so6
c6 thay dai it hon; chi s6 ti 1é thé tich cta vat
liéu (n) ting lam thanh phan kim loai trong
tdm ting dan tdi tAn s6 dao dong tw do cla
cac tAm giam; hé s6 16 réng ting lam tan sé
gidm trong nhiéu trudng hop; tuy nhién, tan
sO tw nhién con thay ddi theo tham s6 16
rong lién quan dén gia tri cia n. Ngoai ra,
tham so tan s6 con phu thudc vao diéu kién
bién cua tdm, tin s ting din theo thd tw
diéu kién bién: FFCF, FCFF, CFFF, SSSS,
CFCF, CSCS va CCCC. Két qua nay la tién dé
cho cac nghién ctru vé sy phat trién vét nit
khi tdim dwoc dat trong moi treong lam viéc
khac nhau.
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